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Abstract
The influence of parameters of photodynamic therapy (PDT), such as pre-irradiation time
(PIT), on the inactivation of Candida spp. was assessed in vitro and in vivo. Suspensions of
Candida albicans, Candida tropicalis, Candida krusei and Candida glabrata were treated with
Photogem R©, incubated for 5, 10 or 15 min and illuminated with a blue LED light. Colonies
were cultivated and log values of CFU ml−1 were analyzed by ANOVA and Kruskall–Wallis
test. For in vivo evaluation, immunosuppressed mice were inoculated with C. albicans. PDT
was performed on the dorsum of the tongue by topical administration of Photogem R© and
illumination after 5, 10 or 15 min. C. albicans was recovered from the tongue and the number
of CFU ml−1 was analyzed by ANOVA and Tukey test. Animals were killed and the tongues
were surgically removed for histological analysis. Susceptibility of Candida spp. suspensions
to PDT was in decreasing order: C. albicans = C. tropicalis < C. krusei < C. glabrata. No
significant difference was observed among the different PIT (p> 0.05), both in vivo and
in vitro. A significant reduction (p< 0.05) of log(CFU ml−1) of C. albicans from tongues of
mice was observed with no adverse effects in the tissue. PDT was effective to inactivate in vitro
Candida spp. and for reduction of C. albicans in vivo, independently of the PIT used.
Keywords: antimicrobial photodynamic therapy, hematoporphyrin derivative, pre-irradiation
time, Candida spp., oral candidiasis, murine model
(Some figures may appear in colour only in the online journal)
1. Introduction
Oral candidiasis (OC) is the most common opportunistic
infection of the oral cavity caused by overgrowth of Candida
5 Author to whom any correspondence should be addressed.
species, especially Candida albicans. Risk factors for this
infection include denture wearing, use of antibiotics and im-
munosuppressive drugs, xerostomia and systemic conditions
such as diabetes and cancer [1]. OC is considered an indicator
of AIDS activity, affecting 90% of that population [2]. The
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presence of non-albicans species, such as Candida glabrata,
Candida tropicalis and Candida krusei, found in this infection
is concerning, because they are often resistant to conventional
antifungal agents [3, 4].
Antifungal agents largely used for OC are polyenes (nys-
tatin, amphotericin B) or azoles, the last being classified as
imidazoles (clotrimazole, miconazole and ketoconazole) and
triazoles (fluconazole and itraconazole) [5, 6]. Although these
drugs are effective, the dilution effect of saliva and cleansing
action of oral musculature can reduce the therapeutic concen-
tration of these topical agents, requiring multiple doses, which
can lower patient’s compliance. Moreover, high relapse rates
after antifungal treatment have been reported [7]. Nonethe-
less, widespread use of these drugs has strongly imposed
directional selection on surviving populations to evolve drug
resistance [8].
Thus, developing alternative therapies is necessary. The
association of a photosensitizer (PS) and light with appropriate
wavelength, known as photodynamic therapy (PDT), has
been extensively investigated as an alternative antimicrobial
approach. Target cells must be first exposed to PS for a
specific period of time, known as pre-irradiation time (PIT),
before illumination. PDT results in reactive oxygen species
(ROS), which promote cell damage and death [9–11]. The
development of microbial resistance to such therapy seems
to be improbable, since the mechanism of action involves
multiple targets and ROS are non-specific agents.
The action of PDT against different Candida species has
been reported in in vitro studies [12–21], including resistant
strains [19]. In vivo investigations have also demonstrated the
photoinactivation ofC. albicans using animal models [22–24],
as well as treatment of patients with OC [25, 26]. Hemato-
porphyrin derivatives (HpD) are among the earliest type of
PS used [10], and light-emitting diodes (LED) have been
successfully used for PDT due to their lower cost and eas-
ier technology than lasers [25, 27]. Previous studies have
shown that the association of porphyrin and blue LED light
resulted in reduction of C. albicans counts in disinfection of
dentures [21, 25, 27] and was also effective in the treatment
of denture-related OC [25, 26]. Mima et al [23] observed that
500 mg l−1 of porphyrin and 305 J cm−2 of LED light was
able to reduce 1.59 log of C. albicans in a murine model of
OC [23]. However, these investigations applied 30 min PIT
and 20–26 min of illumination. Shorter times would make
PDT more clinically viable, but the effect of different PDT
parameters in vitro and in vivo is still not known. Therefore
the goals of this study were to verify: (1) in vitro whether
different PS concentrations, PIT and illumination time would
influence the photoinactivation of Candida spp. and (2) the
effect of different PITs as a PDT parameter in a murine model
of buccal candidiasis.
2. Materials and methods
2.1. In vitro study
2.1.1. Microorganisms and culture condition. Four reference
strains (American type culture collection—ATCC: C. albi-
cans, ATCC 90028; C. glabrata, ATCC 2001; C. tropicalis,
Figure 1. Absorption bands of Photogem R© and intensity of blue
(455 nm) LED light.
ATCC 4563; C. krusei, ATCC 6258) were used in this study.
These strains were individually maintained in yeast–peptone–
glucose (YEPD, 1.0% yeast extract, 2.0% peptone, 2.0%
glucose, 0.1 M citrate phosphate buffer pH 5.0) and glycerol
medium at−70 ◦C. Each strain was aerobically cultured before
each experiment in Sabouraud dextrose agar (SDA, Acume-
dia Manufactures Inc., Baltimore, MD) containing 5 mg l−1
gentamicin at 37 ◦C for 24 h.
2.1.2. Photosensitiser and light source. An HpD (Photogem R©,
Photogem, Moscow, Russia) was used for the sensitization of
the cells. The powder was dissolved in sterile saline, and stock
solutions of Photogem R© (pH 6.6) were prepared and stored
in the dark until use. The absorption bands of Photogem R© are
shown in figure 1.
The light source used for the in vitro tests was a light-
emitting diode device (LEDs, LXHL-PR09, Luxeon R© III
emitter, lumileds lighting, San Jose, CA) with 440–460 nm
wavelength (maximum emission at 455 nm). The intensity of
delivered light was 12.5 mW cm−2. The fluences evaluated
were 18.0; 25.5 and 37.5 J cm−2.
For the in vivo evaluation, the ‘Instituto de Fı´sica de
Sa˜o Carlos’ (University of Sa˜o Paulo, Sa˜o Carlos, SP, Brazil)
developed a handpiece with blue (455 nm wavelength) light-
emitting diode (LED, LXHLPR09, Luxeon III Emitter, Lu-
mileds Lighting, San Jose, CA, USA), with 89.2 mW cm−2 of
output power.
Fluences were calculated according to the following
formula: fluence (J cm−2) = intensity of light (W cm−2)×
exposure time (s).
2.2. In vitro PDT
Strains were individually inoculated in 5 ml of tryptic soy broth
(TSB) and grown aerobically overnight at 37 ◦C. Each culture
was then centrifuged at 2000 rpm for 10 min, and the pellet
washed twice with sterile distilled water and resuspended in
sterile saline to a turbidity of 106 cells ml−1 (McFarland
standard). Aliquots of 100 ml standardized suspensions of
Candida spp. were individually transferred to separate wells
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of a 96-well microtiter plate. Equal volumes of PS solutions
were added to each well to produce final concentrations of
10.0, 25.0 or 50.0 mg l−1. After dark incubation for 5, 10
or 15 min (PIT), the plate was placed on the LED device
and irradiated for 24, 34 or 50 min, resulting in 18, 25.5,
and 37.5 J cm−2, respectively (P+L+). To determine whether
PS alone produced any effects on cell viability, additional
wells containing the yeast suspensions were sensitized with
PS under identical conditions to those described previously,
but not exposed to LED light (P+L−). The effect of LED
light alone was determined by exposing cells to light, but not
sensitized with PS (P−L+). Suspensions not sensitized with
PS and not exposed to LED light were used as positive controls
(P−L−). To determine cell survival, aliquots of the contents
of each well were serially diluted 10-fold in sterile saline.
Triplicate 25µl aliquots of these dilutions were spread over the
surfaces of SDA plates. All plates were aerobically incubated
at 37 ◦C for 48 h. After this period, yeast colony counts of
each plate were quantified using a digital colony counter (CP
600 Plus, Phoenix Ind Com Equipamentos Cientı´ficos Ltda,
Araraquara, SP, Brazil). The colony forming units per millilitre
(CFU ml−1) were determined.
2.2.1. Animals and in vivo PDT. All animal experiments were
approved by the Ethics Committee for Animal Investigations
of Araraquara Dental School, Sa˜o Paulo State University,
under protocol number 24/2009. Six-week-old female Swiss
mice, without any Candida species in the oral cavity, were
included in this study. The animals were kept in standard
boxes housing 5 mice, with water and food ad libitum.
The environment temperature and daylight were constantly
regulated.
The oral candidosis was induced in accordance with
the methodology described by Takakura et al [28] and all
procedures, including PDT, were carried out in accordance
with those reported by Mima et al [23] Two subcutaneous
injections of prednisolone (Depo-Medrol, Laborato´rios Pfizer
Ltda, Guarulhos, SP, Brazil) at a dose of 100 mg kg−1
body weight 1 day before and 3 days after the inoculation
with Candida were given to immunosuppress the animals.
Mice received tetracycline hydrochloride (Farma´cia Santa
Paula, Araraquara, SP, Brazil) in their drinking water at the
concentration of 0.83 mg ml−1 during all the experimental
period. On the second day, the animals were anesthetized
by an intramuscular injection with 50 µl of 2 mg ml−1
chlorpromazine chloride (Farma´cia Santa Paula, Araraquara,
SP, Brazil) in each femur. To induce the oral candidosis, small
cotton pads (Cottonbaby, Higie-Plus Cottonbaby Ind. Com.
Ltda, Sa˜o Jose´, SC, Brazil) were embedded in a C. albicans
cell suspension (107 CFU ml−1) and swabbed in the oral cavity
of the anesthetized mice.
Mice were randomly divided into groups of five
according to the treatments. Four days afterCandida infection,
animals were anesthetized by an intramuscular injection
of 100 mg kg−1 body weight ketamine (Unia˜o Quı´mica
Farmaceˆutica Nacional S/A, Embu-Guac¸u, SP, Brazil) and
10 mg kg−1 body weight xylazine (Produtos Veterina´rios
J A Ltda, Patrocı´nio Paulista, SP, Brazil). The tongue was
carefully taken out of the mouth, then topical application
of the Photogem R© solution (500 mg l−1) was performed by
pipetting 50µl onto the dorsum of the tongue. After incubation
in the dark for 5, 10 or 15 min (PIT), the tongue was carefully
taken out of the mouth again to irradiate it with the LED light
device (455 nm) for 20 min, resulting in a dose of 305 J cm−2.
Lower PS concentrations and light fluences were not used since
they were not effective previously in vivo [23]. An additional
group of animals received treatment just with PS (P+L−) or
with LED light (P−L+) to determine the effect of PS without
irradiation and the effect of the light alone, respectively. The
positive control group (P−L−) did not receive any PS or LED
light. Two additional animals were not immunosuppressed,
and did not receive C. albicans inoculation nor any treatment
(negative control group—NCG).
Immediately after each treatment, the tongue was care-
fully taken out of the month and a small cotton pad was
swabbed in the dorsum for 1 min to recover the cells of C.
albicans and to evaluate the yeast viability immediately after
each condition. The cotton pad was placed in an Eppendorf
tube containing 1 ml sterile saline. The samples were dispersed
from the swab into the saline by vortexing the tube for 1 min.
Ten-fold serial dilutions were performed from the Eppendorf
tube and plated on SDA with 5 mg l−1 gentamicin in duplicate.
The plates were incubated at 37 ◦C for two days. After this
incubation period, yeast colony counts of each plate were
quantified and the CFU ml−1 values were determined. Animals
from all groups received the same procedures of swabbing and
plating samples.
2.2.2. Histopathological analysis. In each group, mice were
killed one day after the respective treatment with a lethal dose
of ketamine. Their tongues were surgically removed, fixed
in 10% paraformaldehyde solution and embedded in paraf-
fin. Histological 5 µm sections were cut, mounted on glass
slides, and stained with periodic acid-Schiff and hematoxylin
(PAS–H) stain for histopathological examination and fungal
detection by light microscopy (Carl Zeiss 62774, Oberkochen,
West Germany). Tissue reaction caused by C. albicans infec-
tion, whether or not associated with the PDT, was examined
by a pathologist blinded to all groups of mice. A descriptive
analysis of the histological characteristics of the tissue with
and without local inflammatory response of varied intensity
was performed.
2.3. Statistical analysis
For analysis reasons, CFU ml−1 values were transformed into
logarithm values (log10). In the in vitro study, each experi-
mental treatment with the PS concentrations in the presence of
the mentioned light fluences after each PIT was repeated three
times. The log10 values from experimental groups (P+L+) for
all Candida species were joined and the PITs were analyzed
using a Kruskal–Wallis test (to obtain a general response of
the PIT independently of the species). Data obtained for each
species of Candida were also analyzed individually in order
to compare experimental (P+L+, P+L− and P−L+) and
control (P−L−) groups. Normality and variance homogeneity
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Figure 2. Mean values of log10(CFU ml
−1) obtained for each
Candida species in all PITs evaluated.
Figure 3. Mean values of log10(CFU ml
−1) obtained for C.
albicans in all experimental conditions. The results from each PIT
were joined to obtain a general view of PDT response. * Significant
difference (p< 0.05) when compared with control group (P−L−).
§ Significant difference (p< 0.05) when compared with P−L−
(control) and P+L− groups. Error bars indicate standard deviations.
was verified through Shapiro–Wilk and Bartlett tests. When
these assumptions were met, ANOVA and Tukey post-hoc
tests were used (for values obtained for PIT, C. albicans,
C. tropicalis and C. krusei); on the other hand, when these
assumptions were not met, Kruskal–Wallis and Dunn tests
were performed (p < 0.05) (for values obtained for
C. glabrata).
For the in vivo study, data obtained from all groups
were evaluated using the analysis of variance (ANOVA) and
Tukey honestly significant difference (HSD) post hoc test,
and differences were considered statistically significant at
p< 0.05.
3. Results
3.1. In vitro study
Statistical analysis showed no significant difference (p >
0.99) between the tested PITs (figure 2). Consequently,
log10(CFU ml
−1) values obtained from all PITs were evaluated
Figure 4. Mean values of log10(CFU ml
−1) obtained for C.
tropicalis in all experimental conditions. The results from each PIT
were joined to obtain a general view of PDT response. * Significant
difference (p< 0.05) when compared with control group (P−L−).
Error bars indicate standard deviations.
Figure 5. Mean values of log10(CFU ml
−1) obtained for C. krusei
in all experimental conditions. The results from each PIT were
joined to obtain a general view of PDT response. * Significant
difference (p< 0.05) when compared with control group (P−L−).
Error bars indicate standard deviations.
together for each species of Candida. For all species, the
control group (P−L−) presented the highest log10(CFU/mL)
values. All samples of C. albicans, C. tropicalis and C. krusei
submitted to PDT (P+L+) showed significant reduction
in log10(CFU ml
−1) values (p < 0.05) when compared to
the control (P−L−). PDT resulted in a progressive dose-
dependent reduction of log10(CFU ml
−1) values, i.e., higher
concentrations of PS associated with higher light fluences
showed the lowest log10(CFU ml
−1) values. Complete killing
(no evidence of growth on plates after 48 h) was achieved
with 25 and 50 mg l−1 of PS associated with 25.5 and
37.5 J cm−2 of light for C. albicans (figure 3) and C. tropicalis
(figure 4). On the other hand, no complete killing was observed
for C. krusei (figure 5) and C. glabrata (figure 6). For C.
glabrata, a significant reduction in log10(CFU ml
−1) values
(p < 0.05) compared with P−L− and P+L− groups was
observed only when 50 mg l−1 of PS was associated with
37.5 J cm−2 of light. For C. albicans, no significant difference
4
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Figure 6. Summary of log10(CFU ml
−1) values obtained for C.
glabrata in all experimental conditions. The box-plot shows the
median (small filled squares), the 1st and 3rd quartiles (outer edges
of box), and the minimum and maximum values (error bars). The
P+L+ groups were named according to the PS concentration/light
fluence. * P−L+ and P+L− show the results of the evaluation of
the highest light fluence and PS concentration, respectively
(37.5 J cm−2; 50 mg l−1).
of log10(CFU ml
−1) values between the P+L− and control
(P−L−) groups was observed, but P−L+ showed a significant
difference (p< 0.05) compared to P+L− and P−L−. Finally,
for C. tropicalis, C. krusei and C. glabrata, no significant
difference (p > 0.05) of log10(CFU ml
−1) values was found
between P+L−, P−L+ and control (P−L−) groups.
3.2. In vivo study
After four days of Candida inoculation, typical lesions com-
posed of white patches or pseudomembranes were macro-
scopically observed on the dorsum of the tongue of animals.
Yeast colonization was confirmed in animals from the control
group (P−L−), since the mean colony counts in this group
were 6.38× 104 CFU ml−1. On the other hand, animals that
received neither imunosupression nor C. albicans inoculation
(NCG) showed absence of macroscopic signs of infection and
no colony growth after sampling. Throughout the course of the
experiment, mice showed no weight loss and none died.
PDT resulted in a significant reduction (p < 0.001) of
log10(CFU ml
−1) values compared with control, P+L− and
P−L+ groups. On the other hand, no significant difference
(p > 0.05) was observed among the PIT evaluated, showing
that in vivo PDT efficacy is not related to the incubation period
of PS with fungal cells. No significant difference (p > 0.05)
was observed either among the control, P+L− and P−L+
groups. Compared with control (P−L−), reduction rates of
1.20, 1.36 and 1.56 log were achieved after PDT when PIT of
5, 10 and 15 min were used, respectively (figure 7).
Histological examination of the mouse tongues showed
the presence of yeast and pseudohyphae limited to the ker-
atinized layer on the dorsum of the tongue (figure 8), with
no evidence of invasion of yeast and pseudohyphae into deep
layers of the continuous epithelium. However, the subjacent
Figure 7. Mean values of log10(CFU ml
−1) of C. albicans
recovered from dorsum of the tongue of all groups. * Significant
difference (p< 0.05) when compared with P−L− (control) and
P+L− groups.
Figure 8. Representative histological section of tongue of mice
inoculated with C. albicans, whether submitted or not to PDT
(PAS–H, 40×). Moderated inflammatory reaction in the subjacent
connective mediated by mononuclear cells (arrows). A high number
of pseudohyphae was observed in the keratinized layer (K).
connective tissue exhibited mild inflammatory response me-
diated by mononuclear cells. Mice from the negative control
group showed no evidence of C. albicans on the dorsum of
the tongue and the epithelial and connective tissues exhibited
normal histological characteristics. The epithelium was con-
tinuous, with an intact basal layer and a thin keratin layer as
an external lining. The subjacent connective tissue exhibited
a balance among extracellular matrix components and cells,
with a notable presence of intact muscular tissue in the area.
4. Discussion
The development of resistant strains after conventional anti-
fungal therapy has increased the need for alternative therapy
for fungal infections. PDT may be a promising choice, since
microbial resistance to such therapy seems to be improbable
due to the production of free radicals and other reactive oxygen
species, such as singlet oxygen, which are toxic to cells
[10, 11]. Some parameters are important when PDT is per-
formed, such as concentration of PS, light fluence and PIT.
Previous clinical studies have shown successful treatment of
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patients with denture stomatitis, a common type of oral candi-
dosis associated with the use of dentures, by PDT, which was
as effective as conventional topical antifungal treatment [25,
26]. In these studies, 30 min of PIT were employed followed by
20–26 min of illumination. Nonetheless, shorter times would
be clinically more feasible and less exhausting for patients.
The in vitro study demonstrated that the concentrations
of Photogem R© and the fluences of LED light were both
determining factors for photoinactivation of Candida spp.,
while PIT did not influence PDT response. Progressive dose-
dependent photoinactivation was verified for all species of
Candida, i.e., higher PS concentrations and light fluences
produced higher reduction in CFU ml−1, that resulted in
complete inactivation of C. albicans and C. tropicalis. This
outcome is in agreement with other reports, despite the type
of PS and the light source employed [12, 13, 15, 17, 20, 22].
The results of this investigation showed that C. albicans and
C. tropicalis were the most susceptible species to PDT, since
the combination of intermediate PS concentration and light
fluence yielded complete inactivation of these species. Soares
et al [17] also found similar susceptibility to PTD between
C. albicans and C. tropicalis when toluidine blue O was
associated with LED light. The results of the present study also
showed thatC. krusei demonstrated intermediate susceptibility
to PDT, given that all associations of PS concentration and
light fluences resulted in significant reduction of CFU ml−1,
but no complete inactivation was achieved for this species.
The most resistant species was C. glabrata, which showed
significant reduction after PDT only when the maximum PS
concentration and light fluence were combined. This finding
demonstrates that susceptibility to PDT varies according to the
species of Candida. This is in accordance with Bliss et al [14],
who verified that C. krusei was slightly more resistant to
Photofrin-mediated PDT than C. albicans, and C. glabrata
was the most resistant species. Dovigo et al [18] also found
reduced susceptibility ofC. krusei to Photogem-mediated PDT
compared to C. albicans and C. tropicalis when a PIT of
30 min was used. Increased resistance of C. glabrata and
C. krusei to PDT may be attributed to greater superficial
hydrophobicity of these species compared to C. albicans [28,
29], which results in a tendency of co-aggregation of the cells.
This behavior hampers oxygen singlets reaching the cell, since
oxygen singlets have short life-time and low diffusion capacity
in water [30], decreasing the photoinactivation rate.
Nonetheless, other investigations evaluating the suscepti-
bility ofCandida spp. to PDT have found conflicting outcomes.
Mima et al [21] observed that when dentures were inoculated
individually with different species ofCandida and treated with
Photogem R© and LED light, C. tropicalis showed the lowest
ufc/mL values after PDT, followed by C. krusei, C. albicans
and C. glabrata. It has also been verified that 20 min PIT
promoted higher photoinactivation of C. albicans biofilms
than 5 min PIT when curcumin was used as PS [20]. By
associating methylene blue and laser light, Quiroga et al [29]
showed that C. albicans was more sensitive to PDT than
C. tropicalis and C. krusei, while Souza et al [30] found that
this association resulted in higher inactivation of C. krusei
followed by C. albicans and C. tropicalis. In summary, all
these studies demonstrate that the susceptibility of Candida
spp. to PDT changes according to PDT parameters (type of PS
and light source) and the methodology employed.
Other in vitro studies have verified that the photoinac-
tivation of Candida spp. is not dependent on PIT [13, 15,
16]. Jackson et al [13] observed that 5, 10 and 60 min
of incubation with toluidine blue O resulted in 3.5 log10
reduction of yeast and hyphal forms of C. albicans after
laser irradiation. In another investigation, PIT of 1, 15 and
30 min did not increase the inactivation of C. albicans by a
cationic porphyrin and light [16]. Those authors found through
confocal fluorescence microscopy that porphyrin did not enter
the cells or entered very slowly, explaining why long PIT did
not increase photoinactivation, and showing that the cytoplasm
membrane is the target of PDT [16]. Effective photoinactiva-
tion of C. albicans germ tubes exposed to Photofrin for 1 or
5 min was demonstrated by Chabrier-Rosello´ et al [15]. Other
authors observed that different PITs showed no statistical
differences in curcumin-mediated PDT of Candida spp. cell
suspensions [31]. According to these findings, extended PIT
times did not result in significantly higher photoinactivation
when porphyrins and phenothiazines are considered.
This in vivo study also found no significant difference
among PIT, with the highest reduction of mean values verified
after 15 min of PIT (1.56 log). This result is in agreement with a
previous study that—employing the same murine model of oral
candidosis, concentration of Photogem and fluence of LED
light—obtained 1.59 log as the highest reduction of CFU/mL
from the tongue after 30 min of PIT [23].
Other studies had also evaluated the effectiveness of
PDT on animal models of oral candidosis. Teichert et al [22]
achieved complete eradication (∼2 log reduction) of
C. albicans with 500 mg l−1 of methylene blue and red
laser light in immunosuppressed mice. Costa et al [32]
verified reduction of 0.73 log of C. albicans from tongues of
immunosuppressed mice after PDT mediated by erythrosine
and green LED light. Using the same methodology as this
investigation, but curcumin associated with LED light to
perform PDT, Dovigo et al [33] verified 4 log reduction
of C. albicans from tongues of mice, with some animals
showing absence of Candida colonies after recovering. On
the other hand, Martins et al [24] reported that 100 mg l−1
of methylene blue combined with 245 J cm−2 of laser light
resulted in similar CFU/mL values recovered from tongues
of rats compared to untreated control. These divergent results
may be attributed to the differences of animal model, Candida
strain and PDT parameters, such as type and concentration
of PS, fluence of light, light source, etc. Nonetheless, the
results obtained in the present investigation are in agreement
with most of these studies, since only one session of PDT
was able to reduce the fungal load of mice. It is important
to emphasize that, when conventional antifungal agents are
used, several days of treatment are necessary. A previous
randomized clinical trial demonstrated that 15 days of daily
topical administration of nystatin were necessary to achieve
the same clinical and microbiological result of six sessions
of PDT over 15 days [26]. Therefore, from this standpoint,
PDT seems to be more feasible than conventional antifungal
treatment.
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Histological evaluation demonstrated that PDT results in
no adverse effect on the tissue of the tongue, since no invasion
of the epithelium by yeast and pseudohyphaes and a mild
inflammatory reaction in the connective tissue were observed
in all animals inoculated by C. albicans, whether or not they
were submitted to PDT. Only mice from the negative control
group, which did not receive Candida inoculation, showed
absence of inflammatory reaction in the connective tissue,
suggesting that inflammation was associated with Candida
infection, and not with PDT. This finding corroborates pre-
vious studies that employed this same methodology of oral
candidosis in mice [23, 33], which confirms that the outcomes
obtained in this investigation were reproducible. However,
Takakura et al [28], who first described this murine model of
oral candidosis, observed the destruction of several epithelial
layers, which may be attributed to the clinical isolate strain of
C. albicans used to induce oral infection. Clinical isolates can
show increased virulence factors over a reference strain, such
as that used in the present investigation [34, 35].
5. Conclusion
The data obtained in this study demonstrated that different PIT
resulted in similar photoinactivation rates without harming
the host tissue, and that the susceptibility of Candida spp.
to PDT varies according to the species. Nevertheless, only
the short-term effect of PDT was evaluated since Candida
viability was assessed just immediately after PDT. Moreover,
only one session of PDT was performed, and regression of
macroscopic white patches was not followed. Despite these
limitations, the results of this investigation suggest that PDT
is a safe method that could be carried out in shorter time,
increasing the convenience for patients and dentists. However,
although animal models represent a guide for clinical studies,
these outcomes obtained with mice may not be extrapolated
for humans, and clinical trials should be further investigated.
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